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PLASMID FOR PRODUCTION OF MEMBRANE PROTEIN, BACTERIUM CONTAINING SAME, MONOCLONAL 
ANTIBODY THEREFORE, AND METHOD FOR THE IDENTIFICATION OF HAEMOPHILUS INFLUENZAE 

This application is a continuation-in-part of U.S. Serial No. 932.872 filed November 18, 1986. 



BACKGROUND OF THE INVENTION 

5 

Haemophilus influenzae type b has long been recognized as a frequent pathogen, particularly in infants 
and children, but only recently has nontypable K influenzae been recognized as an important pathogen. It 
is now well established that.nontypabie HL influenzae causes pneumonia, bacteremia, meningitis, postpar- 
tum sepsis, and acute febrile tracheobronchitis in adults. In addition, nontypable H. influenzae causes 

10 neonatal sepsis and is a frequent etiologic agent in acute otitis media in infants and children. Therefore, the 
importance of discovenng.a method to assay a clinical sample such as sputum, cerebal spinal fluid, blood 
and others for the presence of K influenzae is clear. 

The observation that nontypable K influenzae causes serious infections in adults and children has 
stimulated interest m study of the pathogenesis and potential virulence factors associated with this 

ts bacterium. The ribitol capsule of H. influenzae type b is a virulence factor for the organism, and antibody to 
capsule protects the host by means of bactericidal and/or opsonizing actions. These observations have 
generated much investigation on the role of the capsular polysaccharide in infection with K influenzae type 
b and protection from these infections. However, nontypable H. influenzae lacks a polysaccharide capsule, 
and. similar to the other membranes of other gram-negative bacteria, the outer membrane of H. influenzae 

30 IS composed of outer membrane proteins fOMPs) and lipopolysaccharide (LPS). Therefore, studies of the 
relationship between virulence of nontypable K influenzae and surface antigens focus on OMRs and LPS. 

Analysis of OMPs of nontypable H. influenzae has shown that there are marked differences in OMR 
composition among strains. See e.g. Murphy et al. "A Subtyping System For Nontypable Haemophilus 
influenzae Based on Outer-membrane Proteins." J. Infect. Dis. 1983. 147:838-46; Barenkamp et al, "Outer 

25 Membrane Protein and Biotype Analysis of Pathogenic Nontypable Haemophilus influenzae ." Infect. Immun. 
1982. 36:535-40: Lorb et al, "Outer Membrane Protein Composition in Disease Isolates of Haemophilus 
influenzae . Pathogenic and Epidemiological Implications." Infect. Immun, 1980. 30:709-17. 

A subtyping system for nontypable H. influenzae based on the major OMPs has previously been 
developed. If a surface exposed antigen (immunogen) which is conserved in all strains could be found, it 

30 would be an important tool in developing a method of identifying H. influenzae in clinical specimens as weil 
as a vaccine against H. influenzae . It is therefore an object of this invention to find a surface exposed 
antigen m both typable and nontypable H. influenzae which is conserved in all strains including typafale H. 
influenzae such as type b which is known to cause bactenal meningitis. It is a further object of this Invention 
to develop a means for predictably identifying such conserved surface exposed antigen. It is a further 

35 object to develop a monocolonal antibody against such a surface exposed antigen. A further object of the 
invention is to develop a means for producing large quantities of such antigen and another object is to 
isolate and introduce the genetic sequence for such antigen into a novel plasmid and to cause expression 
of such sequence in a bacteria such as £, coii to produce such antigen. 

Another object of the invention is to construct a DNA probe through the combination of the surface 

40 exposed antigen in both typable and nontypable H. influenzae which is conserved in all strains and the 
monoclonal antibody which would be a diagnostic test for detecting K. influenzae . 

BRIEF PP SCRIPTION OF THE INVENTION 

-15 

In accordance with the present invention there is provided a plasmid containing a genetic code for an 
immunogenic portion of a nontypable Haemophilus influenzae , which immunogenic portion is conserved in 
many strains of nontypable H. influenzae . The invention further includes a bacterium which contains said 
plasmid and will cause expression of said genetic sequence and includes a monoclonal antibody to the 
so immunogenic portion and further includes the hybndoma which will produce said monoclonal antibody. 

The immunogenic portion may be and preferably is an epitope on an outer membrane protein of the H. 
influenzae and specifically may be and preferably is a 16.600-dalton outer membrane protein. The DNA for 
the gene expressing this 16.600-dalton outer membrane protein is believed to begin at nucleotide 125 and 
continues until nucleotide 526. The immunogenic portion may be produced in its pure state or as a part of a 
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longer chain protein. 

A diagnostic test for detectmg H_ influenzae in clinical samples Is a DNA probe constructed to 
noZZT.H 7 "-'^'^ -^'-^ code for the immunogen.c person conserved in many of 

nontypable K influenzae . Th.s probe may be labelled, for example, with a radioactive marker 
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DETAILED DESCRIPTION OF THE INVENTION 

,0 nri. "^""^P^'^'^^ H^J^P'^''"^ influenzae" as used herein, means H. influenzae which lacks a polysaccha- 
w nde capsule and wh.ch has an outer membrance compr.sing outeT .^^ii^^^ proteins (OMPs) ^^aS, 
comprises lipopoly saccharides (LPS). h >j o s (^wrs) ana aiso 

■•Immunogenic portion" means that portion which will result in an immunological antibody response in a 
host organism. Such portion may be considered an antigen. response in a 

"Epitope" means that limited immunogenic portion wh.ch results in a specific immunoloqical resoonsa 

I5.600-dalton outer membrane protein (p6) was developed to nontypable Haemophilus influenzae mt 
epitope was present on all ,5 isolates of K influenzae tested, Including ty pable and no nSflJns 
Screening of 89 strains of other bactena demo-^^i^Fi^^that this epitope is a highly specifi^mikerl^ ^ 
^^^nzae because the epitope was absent in virtually all other bactenal species te^S^ Western 

adu?t wiTh/f "'h"'' '"'^"^ convalescent-phia semm tom Si 

adult with bacteremia due to nontypable H. influenzae . Antibody to the 16 600-dalton outer m«mi^^ 
protein was present in all three human serur^Ts amples. ib,bUU-dalton outer membrane 

Prototype strains of nontypable H. influenzae representing the eight OMP subtypes were obtained from 
our own collection. See Murphy et al.lli^.a.n 3524 was isolaL from the ^'utm of a plent wim 
chronic bronchitis at the Ene County Medical Center (Buffalo. NY). Dr. S. BerMVA Medi^arSntf 
asrr r^' " ^^"'"^ °' "^"^P^'^'^ ^ influenzae from b ocTd or J" tra^hS 

^:^::^c:::/:::z:i^i.:!~^ - count 

Or. J. Ward (University of California at Los Angeles) provided 54 strains of H influenzae tvoe b The 
Of K influenzae type b were clinical isolates from the BulTal^Hin^s Hosotef 
ConI'MA'tllnTar °^ " '''^^ ^^^^ Cents for Dise'S^ 

paramflue'nzal Sl^aS?^^ '''^■'^ '-SSnil ATCC 10977. Haemophilus 

^rgl^noSp/^^^ Haemophilus para-hi^jj^ 

m~~-^^^^^ 

microbiology laboratory at the Erie County Medical Center prov.aea oy the clinical 

for hlmin^'ni"'' " '"""^"^^^ c°"firmed by colonial morphology and growth requirement 

e erence str^ "'"^'"^"'^^ c^inucieotide. Capsular serotypes were deteriiined by C E use o 

IrZ n u Tu ^^"^^^^ Control. Murphy et aJ. supra. sSs were 

stored m Mueller-Hinton broth plus 10% glycerol at -70'C y y supra, atrains were 

davs^J andp'^'^n T T"."'"" °f nontypable H. influenzae strain 3524 on ' 

soleens w^rf T ^ '^^""'^^''O"- ^^'ected animals werrkili^T^^mTchtorcJo^ mei^ 

■ :?e"dir ^^'^"'^ ''""''^^'''^ -^'^ ^^--^^^ perfusion of splenic pulp v^Sminrm:; 

variam oT^^'to^f 2?""^ °' ^'^^ ^P'^^" <=«"s ^ ^he NS 1 (nonsecreting 

Soov rU I f km' Pf P^XAga) plasmacytoma cells (obtained from the Sa k InsS of 

biology [La Jolla. Calif] under National Cancer Institute contract NG1-CB-23aae\ noiw^ti, i , ! 

c.rrj.rcen-xr T™v°.: r:::.'ro'=A;;„f,::" "-r r"'™" 

fann^r^H to ; -r ^ ^' ^" Supernatant was removed, and the oetlat wa<5 

rrn^a/rsre-nti-ii — ^rr^^::/;rr:dihrrt^-°" ^'---r---- --"'-s 

r?rusperthe p I tTh^^ruS w"^^^ r'''^ ^^^^"^ ^^^'^^^^ ^"^^ ^-^^ P-petted on': 

pellet. The m.xture.was centnfuged at 250 g for 5 mm at room temperature (25 C). All of 
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the supernatant was removed. Five milliliters of complete minimal essential medium (medium with glucose 
[4.5 mg.-ml] and 20% fetal bovine serum) was added to resuspend the pellet. The mixture was transferred to 
a 25-ml Erienmyer flask containing the appropriate amount of complete minimal essential medium to obtain 
3 X 10' plasmacytoma cetls/mi. The cells were stirred gently and distributed in 0.05-ml samples into 
5 microtiter wells. 

At 24 hr after the polyethylene glycol fusion. 0.05 ml of medium containing hypoxanthine (13.6 ug/ml). 
aminopterin (0.36 ag/ml), and thymidine (3.87 ag/ml) was added to each well. The microtiter plates were 
placed in a tissue culture incubator at 85% humidity in an atmosphere of 5% CO^ and 95% room air. Fresh 
medium containing hypoxanthine, aminopterin, and thymidine was added on day 7, and plates were 

;o checked for macroscopic plaques after day 10. The supernatant from all wells was tested for the presence 
of antibody with an ELISA (enzyme linked minimal absorbant assay). 

ELlSAs were performed in polyvinyl 96-we!f microtiter plates (Dynatech, Alexandria, VA); 200-ul 
volumes were used for each step. Weils were coated with a cell envelope preparation (10 ug/ml) of 
nontypable K influenzae strain 3524 prepared by the method of Johnston, 'Mmmunobiology of Neis- 

rs senaqonorrhocae ". American Society for Microbiology. 1978, 121-9. Plates were incubated at 37 C for 1 
hour followed by overnight incubation at 4 C. Wells were washed three times with PBS (phosphate buffered 
saline) plus 0.05% Tween 20® surfactant between each step. Unbound sites on the plastic were blocked 
with 3% bovine serum albumin in PBS for 2 hr at 37 C. Tissue culture supernatants (or dilutions of mouse 
ascites fluid in subsequent experiments) containing monoclonal antibody were incubated in the wells 

20 overnight at 4 C. Rabbit antibody to mouse IgG and IgM was then incubated for 2 hr at 37 C followed by 
protein A-peroxidase for 2 hr at 37 C. Two hundred microliters of substrate was then added to each well. 
Substrate was prepared by dissolving 10 mg of o-phenyi-enediamine in 1 ml of methanol and adding this 
solution to 99 ml of citrate-phosphate buffer, pH 5.0. plus 0.1 ml of 3% HjO,. After the substrate was 
incubated for 45 mm in the dark at room temperature, the reaction was stopped with 50 ui of 4 N H^SO*. 

25 The OD*<,o was measured. Each set of ELlSAs was performed with a control in which NS-1 tissue culture 
superantant or ascites fluid was used in place of the monoclonal antibody being tested. On the basis of the 
results of ELISA screening, selected clones were propagated by subsequent transfer to larger tissue culture 
wells. Large quantities of antibody were produced m tissue culture and by ip injection of 10^ hybridoma 
cells into pnstane-pnmed BALV.c mice. The resulting ascitic fluid was harvested in three to four weeks and 

30 tested for specificity. 

The strains to be assayed were grown on chocolate agar (or other appropiate medium, depending on 
the species) overnight at 37 C in an atmosphere of 95% room air and 5% COi. Ceils from one plate were 
harvested by suspension in PBS and centnfugation at 10,000 g for 20 min. The resulting pellet was 
suspended m enough PBS to allow the suspension to be drawn into a micropipette. One-tenth millimeter of 

35 the suspension of bactena was added to 0.4 ml of sample buffer (0.06 M Tris. 1.2% SDS. 1% B- 
mercaptoethanol. and 11.9.% glycerol) and heated for 5 min in a boiling water bath. The resulting organisms 
are referred to as whole cell preparation. 

A !0-al drop of whole cell preparation was placed on a nitrocellulose sheet (Schleicher and Schuell, 
Inc.. Keene. NH) and allowed to air-dry. The sheet was then placed in 3% gelatin in buffer A (0.012 M Tris 

40 and 0.15 M NaCl, pH 7.4) for i hr. After the sheet was nnsed with buffer A. it was placed in an appropriate 
dilution of antibody and allowed to shake at room temperature overnight. The sheet was rinsed with buffer A 
and placed in 1 :3.000 dilution of protein A peroxidase (Zymed Laboratories, San Francisco) and shaken for 
1 hr at room temperature. The sheet was rinsed and immersed in horseradish peroxidase color develop- 
ment solution 0.015% HjO,; Bio-Rad. Richmond. Calif) for 45 min. Controls assayed on each sheet included 

45 sample buffer (negative control). A negative result was recorded when the dot was no different from the 
background color, and a positive result was recorded when the dot turned purple-biue. About 90% of dot 
assays were unequivocally positive or negative. Those strains that yielded equivocal results in the dot assay 
were subjected to Western blot assay. 

50 

Preparation of LPS. 

Lipopoiysacchande (LPS) was prepared from nontypable H. influenzae strain 3524 by two methods. The 
first method was a modification of the phenol-water extraction method of Westphal and Jann. ''Bacterial 
55 Lipopolysacchandes", Methods m Carbohydrate Chemistry. 1965. 5:83-91. The second method was that of 
Hitchcock and Brown. Journal of Bactenology. 1983, 154:269-77. The latter method uses the enzyme 
proteinase K (Boehringer Mannhein GmbH. Mannheim. Federal Republic of Germany), which hydrolyzes 
proteins but has no effect on LPS. 
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n too ■ ^ ' ^® electrode buffer was 0.025 M Tris dH 
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I radtolabetinq of surface QMPs. 

de^I^atrr Ve":;^^^^^^^^^^^ = 352^ --d on ..cromer p.atas 

mmant ,n the outer membrane of thf bX ul Geirm. n ' ^'"^ ^ 

igG3 .sotype Fiaure 1 showsVwTL I? T' '"^'^•^"od.ffus.on indicated that this antibody was of the 
was on aTote:n::h a mTecU^ eo" dal^n^^ the determinant reco.n.ed by antibody 7F3 

nitrocellulose sheet, and lane B shows the 6 sSo d^i nn T "'^'^ "^'S'* ''^'"'^"'^ °" 

preparation of nontypable H influenzae s.rln ^Sf f T'l? ^"^°9n.2ed by antibody 7F3 in a whole cell 
transferred from a '3 2% li ne B show . ? . f Spechcally, lane A shows molecular weight standards 
incubated wunntibodv 7F3 orr.in r T ^ P^«P^^^«°" °f nontypable K influenzae strain 3524 

Of a wh:rc:: p": :r:ofr^^^^^^ s/:re".^"'r 

with -^^i All three lanps wpr« frnm IhT " ^^^^ "^^^^ bacteria extrinsically labeled 

Bi^he aSody recoSf/J " °" ^''^ -6.600-dalton protein in every straiT;? 

T— r hT rry ^r^r 

non. ar K :re%^^^^^^^^ -'^ -insicany la^led. we labeled 

a nitrocelluloT e sheet On e lane was ex oo,.. I ^ T "''^ '"'"^"'^^ '° SDS-PAGE and transferred to 
peroxidase conjugate, and subs^ate Raure .h"' T' T "'"'^"^^^ ^^3' 

corresponds to a ' . '.Labeled band Oan^cl '"'^^^ ('^"^ ^> 

perto?meT^:: i'c;ti:rrp:i:n:^'rELrs?"*"' ""'^^'^ °" ^ - - - 

we.e coated w.th a cell envelooe oreo.^Tr . 

coated with LPS prepa ed ^om nontv^a^^^ of nontypable K influenzae strain 3524 and other wells were 
et al. supra. Antibody 7F3 waT ZclTl^J~r^,"''"''' '''' Phenol-water method Westphal 

and LPS, Johnston et al suora but wLT preparation (00. 0.375) that contained OMRs 

epitope recognized b" a^irod;%F" ^deToTaToMP ' '''' '"^^^^^ 

recognTd 'by' :nX"7F3' f SrS ^"^Tr/'^P— * ^-^-^ -ess whether the epitope 

proteinase K lysis of ceLorst a.n 35p/;fK^ °l ^ '"'^'^ prepared by 

contains LPS of strain ^^^^d. o j'^' "'tcncock et al. J. Bacterid. 1983. 154:269-77. the lanes marked D 
■ marked C contain a whole cell oreo^L f Phenol-water method. Westphai et al. supra, and the lanes 
. transferred to the sa^e n'.tro , f^^^^^^^^^^^^^ f'','" ^^^'^ ^'^'^ °" 

dilution. 1:500). and figure 2 ^hf was L .h^ h 1 '"'^"'^^'^'^ ^'^ ^«body 7F3 (ascites fluid 

monoclonal antibody that rLogn t the Ld A oo^on^^^^^^ 'foi''"*'' ""'^ ^ 

either of the LPS preparations and bind= nl t.Tf ^ '"""^""^^ ^"^S- ^"^'^^^^ does not bind to 
preparation. This observat on demon S^r^^^^^ ' ^^'^ht of ,6.600 in the whole cell 

LPS. oemonstrates that antibody 7F3 recognizes an epitope on a protein and net on 

and (^pSrwi^h^a^b^^^^^^^^^^^ ^e^^^Ll^- ^ '^-'^ '-uba«on with anybody 7F3 

lanes marked A contain LPS of nontyoabll H f °" ^ ^ 'nnuerzae . The 

proteinase K. the lanes marked 8 contl ohPnS^ '^T^^ ^^^^ ''''''^^ lysir^Hiiii with 

C contain a whole cell prepa atn of sS^ 3s;4 Mot^ T^'^'i^''^ °' ^^24. and the lanes marked 
Studies were opr^nrmow , Molecular weight standards are noted on the right. 

Wholi^c;!i%:eTarS^^^^^^^ ^Z!!' ^^"'"^'^ an'tibody 7F3. 

or 1 15 isolates of H. influenzae were studied by either dot assay or Western blot 
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assay. The strains included 73 type b. 37 nontypable. and 1 each of types a and c-f. All 115 strains of K 
influenzae contained the epitope recognized by antibody 7F3. a result indicating that this epitope is a 
common antigen among strains of H. influenzae . 

Sixty isolates of various bactenai species were studied to determined whether this epitope is present in 
5 bacteria other than H. influenzae . All 60 of these strains lacked the determinant recognized by antibody 7F3 
(table 1 ). 

Table 1. 

SPECIFICITY OF ANTIBODY 7F3 FOR VARIOUS BACTEHIAL SPECIES 



Bacterium Mo. taatad Ho» poaltivs 

Gram-negative 

Escherichia coll 
Act inobacillua species 
Proteus species 
Pseudomonas species 
Klebsiella species 
Serratia species 
Enterobacter cloacae 
Horganella -morganii 
Neisseria gonorrhoeae 
Neisseria apecies 
Gram-posi tivQ 

Staphylococcus aureus 
• Staphylococcus species 
Viridans streptococci 
Streptococcus faecalls 
Diphtheroids 
Total 



Twenty-nine strains of Haemophilus species other than K influenzae were studied. Twenty-five of these 
55 isolates lacked the 7F3 epitope (table 2). Two strains of K parahemolyticus contained the determinant. In 
addition, one strain of H. paraphrophilus and one of H. aeqypticus contained a 20,000-dalton protein that 
was recognized by antibody 7F3. 



6 



10 
10 
7 
5 
H 
i) 
1 
1 
6 
2 



0 
0 
0 
0 
0 
0 
0 
0 
0 



5 
2 
1 
1 
1 

oO 



0 
0 
0 
0 
0 
0 



0 281 673 



Table 2 



SPECIFICITY OF ANTIBODY 7F3 FOR VARIOUS SPECIES OF HAEHOPHILOS 

Spec i es 



H- parainf luenzae 
H . paraheraolyt icu3 

H. paraphrophilu3 

H. 30gnl3 

H. aegypt iGU3 
Total 



No* tested 



Ho« positive 



24 


0 




2 


1 


1» 


1 


0 


.1. ,. 
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^H;.f?o^ blot assay, antibody 7F3 recognised a 20,000- 

dalton protein in these strains. . *iw,uw/u 

Human serum antibody. 

,,„';''"r.^" ^T"" ^^^'^"^ °f ^""''O'^y to the I6.600-dalton OMP bv Western hint 

6 600?Srn OMP V.°r ' ^" '"^^^^ ^^^P'^ °' ^erum have anibody to the 

believed to have theTl!.g sljoence " " ^ °' ^"^^ ^« ^ 
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Restriction Hap ^ 
MMS ATX3 -.TAA . ^S^--. ' 

1 63 bp * 527 857 

Amino Acid 
ONA Sequence 

fb) CCCAA GTAAAATT TCCA a rrir X 'lCIlJCATACTrAACTAAATAAAAAACTCAT^ 

L ..... 
■.r)tot asn lys pi'ie val lys ser leu leu val ala gly sec val ala »la lou 
ATC: AAC AAA TTT OTT A'^ TCA TTA TTA GTT CSCA OST TCT GTA OTT OTA TPA 

ala ala fcys ser sac sar aan asn asp ala. ala gly asn gly ala ala gin 
Gf.-U CE-r jrCT AC? TCC TCT AAC AAC OAT GOT GCA OSZ AAT GST OTT OCT OW 

the phe gly gly tyr sec val ala asp leo gin gin arg tyr asn thrival 
,vrr i-pp Gcc gca tac tct git cot gat err caa c\a ost tac aac acc gta 

209 

tyc pile gly pha asp lys tyc asp lie fchr gly glu tyr val gin ile leu 
T/AT -rrr got 'nT gat AAA tac GAC ATC AOC GGT GAA tac CTT caa ATC TTA 

asn ala his ala ala tyr leu asn ala thr pro ala ala lys val lau .val 
GAT aZG CAC GZA OZA TAT TTA AAT CCA ACS OCA CCT <32T AAA GTA TTA GTA 

300. 

glu gly asn thr asp glu arg gly thr pro- glu tyr 4sn- il« ala leo gly 
GAA GOT AAT ACT G^T G^WV CGT GGT ACA a=A GAA TAC AAC ATC OlA TTA GOV 

gin arg acg ala asp ala val lys gly tyr leu ala gly lys gly val asp 
CAA CCT OCT OZA GAT GZA GIT AAA GGT TAT TTA OCA OCT AAA GGT CTT ©T 

400 

ala gly lys leu gly thr val ser tyr gly glu glu lya pro ala val leu 
GCr GCT AAA TTA GGC ACA GTA TCT TAC GOT GAA GAA AAA OCT OZA GTA TTA 

gly his asp glu ala ala tyr ser lys asn arg « eg ala V2a leu ala tyr 
GGT CAC GAT GAA Orr Q=A TAT TCT AAA AAC C3T OCT GCA GTG TTA CCS TAC 

500 

■ '"^'^^^^JCTGCTArrnrTAATACTTGAAAAACAGGATOrVT^^ 

A-rCCrrrGTAArrrAACCAATTAGCTTGAAAGAATGAATrrATlV:Yl"lGATrCrAAAATAAA^^ 
600 

TrATCA-frAACicATCAACACAu-it^-iu.. rAacrcAGTCCSTys^a^AacasACTTrrAATasgr 

,t.:n^GGrtccAATCcrKr^^ 
CAcrrGGrAGAGCAG=GGAc:x7rrAATTCGnx:Tra 

800 

T?jCCG 
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It -s worthy of note that this band is annong the most prominent recognized by antibody in human serum 
Specifically. Rgure 3 shows a Western blot assav from a n 3=' noi a,, ; 7 ' 

=:Lrr rrl^^^^^^ 

HH^S™ ^^^^^^^^^^^ 

the SJ^e?vaTon'th!t'thVl?'' °" membranes of gram-negative bacteria. This fact and 

evidence indicate that tha flT determinant ,s on a protein or on LPS. Several lines of 

CooLssi blue Of S?S gels d^Z "'"r^ '"^^ °" ^ ^^-"'"9 -th 

daltons ,n a.l strains of H^fn^enTae BS JeV^^^^^ ^'"^""^^ « ^^•60<3 

.3 presumptive evidence^thfl^dv 7F3 !cnnn "^'^ ^'^s^^-tio" 

the band on SDS-PAGE and Western 2 . °f " Second, the configuration of 

generally less distincT ihan thTband . h h T °' '''^ '"'^'^'P'^ "^^^^ 

corroborated by throb en^at on tha^ mn LT?' i "^'^ 
typical TPS- panern Xe^er bLr.^l .""f 1°'''' ''"^ ^'^^ detemiinants showed Itie 

' singie band recognized T^n^loTy^T^^'rZTAXlf^^^^^^^ T^' ^° ^^"""^""^ 
envelope preparations that contain OMPs plus LPS buf the an^hn. ' J . 

Lf . Finally. ,n th . Western blot assL "° ^^^^^ 'sofated 

preparationLt failed to rJcognize de^^^^^^^^^^ recognized a band in a whole ce.. 

Taken together, these observations ndiTartha^^ T """^ 

OMP. i'ervations indicate that the epitope recognized by antibody 7F3 resides on an 

^^JeV:Z:n;T;:^^^^^^^ ^^^'^'^ ^^-^^^^ - -r^ace exposed, OMPs were 

that the Protein^onttning ^e a^^^^^^^^^^^^^^ -pra. Rgure , shows 

.6.600-da.ton OfVIP is su.L^exposed For the n " ^^'^ observation suggests that this 

means available for antibody bindTng ^"^""^^ °^ "^^^^^ membrane" 

The OMPs of nontypable K iHllHenzae show substantia, stram-to-strain variability, as demonstrated by 
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SDS-PAGE analysis. This variability in the major OMPs in the 32,000-42.000-dalton range is the basis of the 
subtyping system for nontypable K influenzae . Murphy et ai. supra. It is of interest that studies of OMPs of 
H. influenzae from three laboratones have independently noted the presence of a "le^OOC-dalton OMP in 
ail strains of H. influenzae studied. Murphy et al. Barenkamp et al and Loeb et al. supra. It is this protein 

5 that contains "the antigenic determinant recognized by antibody 7F3. The present study indicates that the 
epitope recognized by antibody 7F3 on this iow-molecufar-weight OMP is an antigen common to all strains 
of H. influenzae . Identifying common surface antigens among strains is useful from the point of view of 
vaccine development because immunization with a single common antigen might induce protection from 
disease due to many strains. In addition, the obsen/ation that this 16,600-dalton protein has varied far less 

JO than other OMPs in the course of evolution leads to the speculation that this protein serves an important 
function for the bacterium and that its function is closely related to conservation of its structure. 

The outer membranes of gram-negative bacteria are Immunologically important structures because of 
their accessibility to host defense mechanisms. Indeed, antibody to OMPs of K Influenzae type b are 
widely prevalent in adults and are detected in the serum of infants who are convalescing from infections 

:5 with K influenzae . It has now been demonstrated that antibody to a 1 6.600-dalton OMP (p6) is present in 
human serum (figure 3). The presence of antibody to this OMP in normal human serum suggests that the 
OMP is important with regard to the human antibody response to K influenzae . 

Several observations suggest that p6 is an important target in immunity to Haemophilus influenzae : 
1) Antibody raised from p6 isolated from a type b strain protects in an infant rat model. 

20 2) A monoclonal antibody. 7F3. directed against p6 blocks human bactericidal activity against 

Haemophilus influenzae (NtHI). 

3) Depleting normal human sera of p6 by affinity chromatography resulted in reduced bactericidal 
activity of that sera for Haemophilus influenzae . 

4) And. immunopunfied antibody to p6 from human sera was bactericidal. 

25 This invention therefore includes the molecular cloning of p6 using K influenzae as a source of 

bactenal chromosomal • ONA. lambda gtll bactenophage as the vector in construction of the genomic 
library, pUClS plasmid as the vector used in subcloning the gene to facilitate sequencing, and E coH as the 
host strains. The results allow further analysis of the molecular basis of both experimental and human 
immunity to p6 and permits large quantities of p6 to be produced once it is approved for use in vaccine 

30 against Haemophilus influenzae . 

Molecular Cloning of p6: 

35 The 16.600 dalton protein, designated herein as p6, is therefore present in the outer membranes of both 
typable and nontypable strains of Haemophilus influenzae and may be an important target in immunity to 
Haemophilus influenzae . The DNA sequence for the gene expressing this 16,600-dalton outer membrane 
protein is believed to begin at nucleotide 125 and continues until nucleotide 526. In accordance with this 
invention p6 is cloned molecuiarly using a nontypable strain of Haemophilus influenzae as a source of 

JO bactehcal chromosomal DNA. lambda gtl 1 bacteriophage as the vector in construction of the genomic 
library. pUC 18 plasmid as the vector in subcloning the gene to facilitate sequencing, and E coH as the host 
strain. The monoclonal antibodies previously discussed and a polyclonal antiserum were used to screen for 
expression of p6. A portion of the genomic library was screened resulting in the detection of four positive 
recombinants. One. clone O. appears to produce a full length gene product expressed in high frequency. 

■iS The DNA insert of this clone was used to subclone the gene into a plasmid vector. An E. coH transformant. 
^7-9B, also appears to express a full length gene product. It is likely that transciption is initiated from the 
actual promoter of the p6 gene, since both clone 0 and transformant 7-9B express the gene product in both 
the uninduced and induced states. Isolating and sequencing the gene for p6 allows for further analysis of 
the molecular basis of both expr Inentai and human Ir^-ounity to p6. 

50 More specifically, recombinent DNA technology was used to clone the gene for the 16,600 dalton 
surface protein. p6. of nontypable Haemophilus influenzae (NtHi) into Escherichia coli . Chromosomal DNA 
from a clinical isolate was sheared, ligated to lambda gtn arms and packaged into phage heads. Four 
recombinant phages were detected by screening with monoclonal antibodies and a polyclonal antiserum. 
One. clone O. was restncted with EcoR. and ligated to plasmid vector pUCl3 to facilitate sequencing. E. 

55 coli carrying recombinent plasmids were screened resulting in one positive, 7-9B. Both clone O and 7-9B 
produce a protein with an apparent molecular weight equal to or similar to native p6 as determined by 
Western blot analysis. In screening it was determined that transcription and translrilion of the Haemophilus 
influenzae p6 gene(s) were not dependent on the lac operator and promoter of either vector. Using 
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0 



immunofiuorescence. the recombmant gene product's p6 epitopes could be localized on the surface of 
these E. coli and accessible to antibody. surrace of 

HaemophHus influenzae strain 1479 was grown at 37 degrees C in brain heart infusion broth si,o- 
plemented with hem {I0ug.ml) and nicotinarr^ide adenine dinucleotide (lOug^ml) ^ 

mmlTy.^ ff" ^' 9^°^'^ °' bacteriophage lambda gtli and strain 

JIV183 as the host for the plasmid pUCl8. The E coli strains were grown in L-broih (LB) or on LB aqaT^J^ 
or without 50ag.ml of ampic.llin. depending on theTi^st strain. A more deta.led descr pL for the uS VtSS 

HEptlTu'ffe! 1r;?'"Trmrr; ' -suspended in lOmIs of lOmM 

MtH_b buffer, pH 7 4. To this mixture was added EDTA to a concentration of 5mM and SDS to a 
concentration of 0.5='o w,v and then incubated at 60 degrees C for 30 minutes TOs lysat was 
digested with 0.5ml of pronase (,Omg.ml) at 37 degrees C for 2 hours and then sSed to 

0.2M to the aqueous phase, and DNA was precipitated with 2.5 volumes of chilled ethanol F^Zno 
precipitation ,n the cold, the DNA was pelleted by centnfugation. resuspended 'n T7s4DTA buffer 
treated with DNase-free RNase at a concentration of 0., mg.ml at 37 degrees C for 1 hour Rnally the DNA 
^on P^-no.,CIAA. precipitated w,h sodium chlonde and ethanoi. and pellld by cenlxifSga^ 

daol^:, r -r-EDTA buffer, measured for concentration by'A,^A» and s^r^'^t 



4 degrees C 

The pi- 
poiyclonai ■ 
strain 1808 



The phase library was screened with monoclonal antibody 7F3. Also used in screenina was rabbit 
st^l rao/"^'""" -munizations w,th solub.li.ed p6 preparations of HaemophSusTnlet'' 



Construction of the Haemophilus mfluenza 1479 genomic library : 

by Yolrand' Dal°s 'Tgas" Vni'^T °' ?o '"^"^ ^''^ ^^escribed 

oy roung and Davis. 1985. Vol. 7. pp 29-41. Genetic Engineering. Plenum Press NY Hp«mnnhii.,« 

a^SSrfe^^h of'2 '° (ouZt co^"oi'et«nfg|S 

rnnhnl ! ?H i 1 """^'^ P^'^' "^^ "^^^^^^ ^hear was monitored by agarose gel el^ 
lT. nZ \ ?° T'"'' °' '°"9 °' ^''^ '""^^'^^ ^^'^ "^^thylated using Eco R me hySe 
ends of the methylated ONA were made flush by the addition of Klenow polymerase and dXnSeottde 
..Phosphates. Following this reaction and the addition of sodium acetate to a concenTationro 3rtSe 
rh^n P:^^"^';f'«'^/««^ centnfugation. the pellet was resuspended in Tris-EDTA buffer The DNA w« 
nZT T S° '^"''^^'^ "^^^^^^^ Laboratones. Sethesda. Maryl^d) that had bZ 

a cess EC Rl 'n 'ers'''" " T ^""'"^'^'^ '^'""^ '^^'^^-^ '° C and then 

79 DNA b?un end loT^ t;?F''''p?T' '''''''' °' '^^^ ^"^^ Haemophilus influenza 

iillnn . , o ,^ 1 •'"'^^'^ excess linkers by passage over a qel 

FractLs containTna Dna ,f J "^'^ by A « and agarose gel electrophoresis, 

rractions containing DNA of desired sue range were pooled, and precipitated. The DNA was oaMetsd h« 
centnfugation and resuspended in 4ul of Tris-EDTA h,.tfor -n.^ hma ' 'J'^'^ was pelleted by 

ed lambda atl 1 arms (STRAtappmp n, ^ ^ ''9^*®*^ *° ^"9 °' dephosphorylat- 

The Zrinn (STRATAGENE Clonmg Systems, San Dieto, CA) in a total reaction volume of lOul 

r^birnt:.:?^^^^^^^^^^^^^^^^ o~ r- — ^^^'^ 



Screening the library: 



pelle^r ruspenro I O^M Moso "T^"'"^' ^ ^^^^^ °' ^'^^ ^'^^^ P'^^^Q ^^-^X- O-^m. of a ylOSO 
85mm plate d Follow.i^gTe adso^ofoT T"'' °' '^'^'^^ '"'^^ ^^<^ 

and spread evenlHrno an LB ^^^0', ' S!""' "^'^ "'^'^ LB-agarose buffer, poured 

disk Which had been saturate'p erusly r;^^^ %Tr T "'"^ ' nitrocellulose filter 

previously in lOmM IPTG. The plates were- then incubated for 3 hours at 37 
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degrees C. Before removing the filters, the orientation was marked and the filters and respective plates 
were labelled. The filters were rinsed briefly with buffer A (0.01 M Tris. 0.1 5M NaCI. pH 7.4) and placed in 
3% gelatin in buffer A for 1 hour. After the filters were rinsed again with buffer A. they were incubated in a 
screening mixture of antibodies overnight at room temperature. The screening mixture was buffer A 

5 containing 7F3 ascites fluid, at titers of 1:1000. The monoclonal antibody used shared no crossreactivity 
with the 5. coli host strains while anti-1808 antiserum required a working dilution of 1:10,000 to maintain 
sensitivity and specificity. The filters were rinsed with buffer A and placed in a 1:3000 dilution of protein A- 
peroxidase conjugate and shaken for 1 hour at room temperature. The filters were again rinsed with buffer 
A. then immersed in horseradish peroxidase color development solution (0.15% H.Oi; BIO RAD Richmond, 

to CA) for 45 minutes. Plaques that appeared positive were removed from their respective plates, resuspended 
in SOOals of SM buffer, and rescreened. Plaques that were positive in the rescreening were then rescreened 
again but against the individual antibodies rather than the screening mixture. 

15 Western blot analysis: 

The Haemophilus influenzae control. yl090 recombinants, and the molecular weight standards were 
prepared by heating at 100 degrees C for 5 minutes in a sample buffer containing 0.06M Tris pH 6.8. 1.2% 
SDS. 5% beta-mercaptoethanol. 11.9% glycerol and 0.003% bromophenol blue. The preparations were 

20 subjected to SDS-PAGE on a 15% separating gel. Gels were placed on a nitrocellulose sheet which had 
been previously boiled in distilled water and immersed in a 0.3M sodium citrate, 3M NaCI solution. 
Electrophoretic transfer was done using a Transphor® electrophoresis unit (Hoefer Scientific Instruments, 
San Francisco. CA) at 50 volts for 90 minutes, in a buffer of 0.05M Tris, pH 8.3, 0.1 92M glycine and 20% 
methanol. The blocking, with subsequent additions of antibody, conjugate, and substrate development was 

25 performed m the same manner as descnbed in the plaque screening. 



Subcloning into a plasmid vector : 

JO A strategy was devised to facilitate sequencing. The DNA insert (which consists of 867 residues), of a 
recombinant phage expressing p6 epitopes (as determined by screenmg),was subctoned into a plasmid 
vector. pUCl8 was chosen as the plasmid vector for subcloning for several reasons including a means of 
selection, an inducible promoter, and an Eco Rl restriction site, features shared by phage cloning vector 
iambda gtii. The DNA of a recombinant phage had been restncted with Eco R1 and dephosphorylated 

35 using calf intestinal alkaline phosphatase. The ligation mixture was used to transform competent E. coH 
strain JM 83. Transformants were selected for by growth on LB + AMP plates overlaid with IPTG and X- 
gaL White colonies, thought to represent JM 83 containing a plasmid plus insert, were individually picked 
and transferred to wells of microtiter plates containing L-broth + AMP + 10% glycerol. The plates were 
incubated overnight at 37 degrees C. A comb device was used to innoculate from the microtiter plates onto 

^0 nitrocellulose sheets, previously immersed in IPTG, overlaying LB + AMP plates. The plates were 
incubated overnight at 37 degrees C. and then the nitrocellulose sheets were removed- The nitrocellulose 
was hung for 15 minutes in a chamber containing chloroform vapors to tyse the colonies, blocked in 3% 
gelatin containing 40ug/ml lysozyme and screened in the same way as the genomic library. 

Results: 

Screening the genomic library and characterization of recombinants. 

50 Approximately 45.000 plaques were screened, the remainder of the unamplified library being frozen in 
aliquots at -70 degrees C m 7% OMSO. Four reactive clones, designated as lambda gt11 - Haemophilus 
influenzae 1479 clones O. P. 8. and 10. were found. Efforts focused on clones O and P since they appear to 
express gene products that are in larger quantities than 8 or 10 and/or more closely resemble the 
conformation of the native protein. p6. 

55 Plates containing clones O and P were carefully scraped to harvest protein for Western blot analysis. 
Western blots show that both clones 0 and P produce a protein that is the same or similar in size to native 
p6. However, clone O produces the protein m larger quantities when compared to clone P. Therefore, clone 
O was selected as the recombinant phage for the source of DNA to subclone into a plasmid vector. 
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Subclone mto a plasmjd vector and characterization of the transformant. 
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25 



30 



independent of induction of tHe Tn^.ZT^L ^ ° ^^<=°'^fc' inant plasmid 7-98 is 

o»n. me p6 3,n='s. cons„u„.e „ro™,J ' P'«i"ct i. inidaed from 



Claims 



35 



-*o protein 
3. 

protern. 



.nf,uIn4'outT;^'e~^^ wH,?:?!"? -munogen.c portion of a nontypable Haemophilus 

unfluenzae. 

nmunogenic portion is conserved in many strains of Haemophilus 

2. ^rhe plasn^d of Cla.m , .herein the immunogen.c portion is an epitope, on an outer membrane 

3. ^rhe piasmid of Claim 2 wherein the outer membrane protein is a ,6,600 daiton outer membrane 
immunoTent: po^Lr""" ""'""'"^ '^'^^"^"^ °' °- ^'--^ ^ to 3 which produces said 

r.emLl'r:n;::abt?aerpru:,nf,uT^^^^^^^^^^ T''' '° ^" '--""^^-"^ P^^*- -ter 
of Haemophilus influenzae. "'-«nzae. wn.cn immunogentc portion is conserved in many strains 

n I „ T""'""? ■"""""V P'M'-CM by me nybndo.„a o( on. of mo Claims 5 or 6 
.yoab,e'H°:',t~' '"^ ^"-"^ « ^'"•^ =»ec:r oTbom fypabf, a„. „o„. 

o.oa^ "poarorz's: ^ors: ;~r ^ ^"-""^ — — - "--^ » ' 
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11- A method for detecting the presence of H. influenzae by contacting a sannple containing H. 
influenzae with a DNA probe wherein the DNA probe is constructed to correspond to the nucleic acids 
which code for an immunogenic portion of a non-typable H. influenzae outer membrane which um- 
munogenic portion is conserved in many strains of H. influenzae. 
5 12. The method of Claim 1 1 wherein the DNA probe is labelled, preferably with a radioactive marker." 
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